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ANGIES 



Definitions 

Below is the picture of an angle. Technically, it is the union of 
two rays with a common end point. 




The two rays are symbolized as B? find and the angle as Z t- CBk, 
or ^b # The rays are called the sides of the angle, BA and T»C in this 
angle. The point of intersection of the rays, point B for this angle, 
is called the vertex. 

An angle separates the plane into three sets of points, the interior 
of the angle, the exterior of the angle, and the angle. 




Measuring Angles 

When a linear measurement is made, a unit of length is used* What 
do you th i nk would be used as a unit of measure for an angle? if you 
said another angle, you were correct* 



Activities 



In each of the problems 1-5, use the given angle as the unit of measure 
and measure eaoh angle. Remember that measurement is never exact, although 
it may involve only a very small error, and give your answer to the nearest 
unit of measure. (Copy the unit angle on another sheet of paper and use your 
ruler to tear it out.) 




Unit Angle 



X. 



B 




m Z.ABC ■ 



(m ^.ABC means the 
measure' of ABC) 




D 



2 . 



B 



m ZDEF - 



3 . 




m Z_GHJ 



L 



M 



m Z.™ * 




Q 




m * 



just as the unit measure for length has been standardised, the unit 
of measure for angles has also been standardized© The two most often 
used units of measure for angles are the degree and the radian© For our 
purposes we will use the degree as the unit of measure primarily because 
an i ns trument for measuring angles in degrees is readily available* This 
instrument is called a protractor. The following illustration will show 
you how to measure an angle, in degrees, with a protractor* 



The measure of the angle pictured in figure 3 is 50. That is, it 
contains 50° • The measure of the angle is found in this manners 

50-0 = 50 




(Pig. 3 ) 



or 



180 - 130 



50 
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When finding the measure of an angle using a protractor, always 
use the two outside numerals which are associated with the sides of the 
angle or the two inside numerals* Never subtract a number of the inside 
scale from a number of the outside scale or vice versa* 

Activities * 



With the use of a protractor, find the measures of the following 
angles* (Give your answer to the nearest degree* We will not be measuring 
any angle whose measures are greater than 180 •) 




t 



m /.ABC * ________ m / PS P * 





5 




mZm 8 




Use the drawing below to find the measures of the indicated angles. 
Problem number 7 is an example. 




7. m /.ABC « 

8. m /CED » 

9. a Z EBE * 

10. m Z EBP - 



140 - 110 = 30 
110 - 85 * _ 



11. m Z ABD » 

12. m ZABB « 

13. mZABP - 



85 - 60 



In problers 14-18 use the drawing below and a protractor to fill in the 
blanks with the correct measures. 



14. m / ABC a 



16. m Z EBD = 

17. m Z ABD = 

18. m L DBC a 

Angles and Triangles B ^ 

The figure below is a picture of a triangle. Technically, a triangle 
is the union of three line segments with three noncollinear points. The 
three noncollinear points are represented by A, B, and C in this drawing. 
(Three points are noncollinear if there is no line which contains all 
three points.) Triangle ABC is symbolized by A ABC. The sides are AB, 



AC, and BC. The lengths of the three sides are AB, AC, and BC. The angles, 
which are not completely pictured, are Z-ABC, Z BOA, and Z CAB. Triangle 
ABC is pictured in figure 5 with emphasis on its angle ABC. 



(Pig. 5) 

A triangle separates the plane into three sets of points, the interior 
of the triangle, the exterior of the triangle, and the triangle, 





A 




(Pig* 4) 




The 
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Use problems 1- 3 to answer each of these: 

4. m Z.A + m + m /.C = . 

5. m D + m Z® + m L* » • 

6. m / 0 + m Z.H +m ZJ = • 

7. What is the sum of the measures of the angles of a triangle? 

Naming Angles 

If an angle has a measure of less than 90, it is known as an acute 
angle. An angle with a measure of 90 is known as a right angle. One 
measuring less than 180 but greater than 90 is called an obtuse angle, 
and an angle of 180 is a straight angle. 




Right Angle Straight Angle 




Activities 



In each of the problems 1-10 describe the angle as acute, right, 
or obtuse. You may use your protractor. 

1 . 2 « 





Z.A is 



Z.B is 



4. Z.DEF is 

5. Z-DEG is 

6. Z-DEH is 
Z.DEJ is 




8. Z. PEG is 

9. Z.2EH is 

10. Z-GEJ is 



7 . 
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Poi sons and the Measures of Their Angles 

We have just seen that the sum of the measures of the angles of a 
triangle is 180. let us use this fact to determine the sum of the 
measures of the angles of a polygon of more than three sides. First, 
what is a polygon? Here are pictures of six different polygons. 



Do you see that a polygon is a set of line segments placed end to 
end with the right hand end point of the final segment coinciding or 
‘'fitting on” the left hand endpoint of the first segment? 




Triangle 



Quadrilateral 



Pentagon 




) 



Hexagon 



Heptagon 



Octagon 



(Fig. 7) 



c 



1 



left hand end- 
point of first 
segment 



2 




hand end point 
of final segment 



Building a Polygon (quadrilateral) 



o 



The hexagon of figure 7 is a concave polygon. The other polygons 



are convex . 

Any convex polygon and some concave polygons separate the plane 
into three sets of points , the interior of the polygon, the exterior 
of the polygon, and the polygon. 




The union of the polygon and its interior is called a polygonal 
region . 

The number of degrees in the angles of any polygon may be deter- 
mined by separating it into triangles* This is Illustrated below* 





(Fig. 10) 



Two triangles are formed in figure 9, and the sum, in degrees, of the 
measures of the angles is 2 X 180, or 360. What is the sum of the 
measures of the angles of the polygon pictured in figure 10? 
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Activities 

In each of the problems 1-5 find the sum of the measures of the 
angles of the indicated polygon. 




6. Complete the following table and see if you can determine the number 
of degrees in the angles of any polygon. 



Name of 
Polygon 


Number 
of Sides 


Number of 
Triangles Formed 


Sum of Measures 
of Angles (in Degrees) 


Quadrilateral 


4 


2 


2 X 180 = 360 


Pentagon 


5 


3 




Hexagon 


6 






Heptagon 


7 






Octagon 


8 






Nonagon 


9 






Decagon 


10 






n-gon 


n 
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A regular polygon is a polygon whose sides all have the same length 
and whose angles have the same measure® Por instance, the quadrilateral 

which is pictured below is a regular quadrilateral® 

4 urn® 




(Pig. 11) 



4 cm. 



Measure of One Angle of Regular Polygons 

Activities 

1. How would you determine the number of degrees in one angle of a regu- 
lar polygon? Complete the table below and see if you can answer the 
previous question? 



Name of 

Polygon (Regular) 


Sum of Measures 
of Angles (in Degrees) 


No. 

Angles 


No. of Degrees 
in one Angle 


Square 


360 


4 


360 t 4 « 90 


Regular Pentagon 
Regular Hexagon 
Regular Heptagon 
Regular Octagon 
Regular Nonagon 
Regular Decagon 


540 


5 







































2. Pind the number of degrees in one angle of a regular 20-gon® 

3. Pind the number of degrees in one angle of a regular 25-gon 0 

By now it is apparent that the sum of the measures of the angles of 
a polygon of 20 sides is greater than the sum of the measures of the 
angles of a polygon of 19 sides. 
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Measure of Exterior Angles of Polygon 



What about the sum of the measures of the exterior angles, one at 
each vertex, of a polygon? Angle 1 represented in figure 12 is an ex- 
terior angle* 




Consider first the exterior angles, one at each vertex, of a triangle* 




The angle pairs 1 and 4, 2 and 5, and 3 and 6 each form a straight angle* 

Activities 

Find the sum of each of the following: (m Z means measure of the 
angle in degrees*) 

1* i / 1 + m 88 • 

2* m Z 2 + m Z 5 s . • 

3« i Z3 +m Z.6 88 • 

4. m Zl+ m Z2+i Z3+® Z4+®Z5+®Z.6 = _ * 

mZ4+mZ5+mZ6 * | mZl+mZ2+mZ.3 * - 



5. 
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Use figure 14 to solve problems 6-13. 

A 



7 


6 


8 


5 



(Pig. 14) 



6. m Z 1 + m Z 5 * . 

!• m Z 2 + m Z 6 * • 

8. m Z3 + m Z? 25 ° 

9» mZ4+mZ8 ** . 

10. m Z 1 + m Z 2 + m Z 3 + m Z4+mZ5+mZ^+mZ7 + mZ8 * 

11. mZ5+mZ8+mZ7+mZ0 * . 

12» m / 1 + m Z2 + i Z5 + i Z4 ** • 

13 • What is the sum of the measures of the exterior angles of a 
quadrilateral? An octagon? A 20-gon? 



Inscribed Angles 

There is a relationship between what is known as an inscribed angle 
and its Intercepted arc. Figure 15 illustrates an inscribed angle. 




(Pig. 15) 



To be an inscribed angle, an angle must meet the following require- 
ments: the sides of the angle must contain two chords of the circle, 

in this case AB and BC; the vertex of the angle, B for this angle, 
must be a point of the circle. The part of the circle not in the 
exterior of the angle, AC here, is the intercepted arc. 
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Activities 





Angle 


Intercepted Arc 


Number of Degrees in 
Intercepted Arc 


Number of Degrees 
In Inscribed Angle 


L ABE 


AE 


9o 




L ABD 


AD 


So 




L ABO 


AC 


20 




L CBE 


CE 


7o 




L CBD 


CD 


3o 




L DBE 


DE 


40 





2. What is the relationship between an inscribed angle and its inter- 
cepted arc? _______ _ 
















c-- 
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Use the relationship between an Inscribed angle and Its intercepted 
arc to answer questions 3-9# The questions refer to figure 17* 

A 




(Pig. 17) 



3* What is the sum, in degrees, of the measures of the three arcs, AC, 
CB, and BA? 

4* Bind i of the measure of AC + CB + BA. _____ 

5* The measure of L. ABC equals one-half the measure of arc . 

6. The measure of Z.BAC equals one-half the measure of arc . 

7m The measure of Z.ACB equals one-half the measure of arc « 

8. m Z ABC + m /.BAG + m L ACB * 4 m (AC + __ __ + _)• 

9* m Z.ABC + m / BAC + m / ACB * _ degrees* 

In each of the problems 10-14 detezmine the measure of the angle 
or angles without using your protractor: 



10 * 



11 . 



12 . 




o 

ERIC 
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13* 



m Z.MOP 
m Z.HOP 
m Z. OOP 




m ZXYZ 
m Z^WZ 
m Z*VZ 










15* The tnree angles XVZ, XWZ, and XYZ are three inscribed angles 
Which intercept the same arc# Are inscribed angles which 
intercept the same arc always equal? _____ 
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In each of the trio* £les represented by figures 18-20 /_ ABD is an 
exterior angle of the triangle* The angles A and C are the remote, 
toterijOr^ingles frith respect to the angle ABD* 

Activities 

With your protractor find the measures of /_ ABD* l_ A> and / C 
in each of the triangles represented in figures 18-20* 




(M*. 19) 



20 



3. m Z.A 



m L C * 




(Pig. 20) 



4. Use the results of problems 1-3 to fill in the table here. 



Figure 


m L A 


n/C 


m JL A + M Z C 


m L ABD 


18 

19 

20 



































5. What is the relationship between the measure of the exterior angle 
of a triangle and the sum of the measures of its two remote interior 
angles? That is, what is the relationship between m Z.A + m Z_C 
and m /_ ABD? 

6. Do you think this relationship is true of all triangles? 
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In each of the problems 7-11 > find the measure of the exterior 
angle of each of the triangles by using the faot that the measure of 
the exterior angle of a triangle equals the sum of the measures of the 
two remote interior angles* ■ 



7. 



8 * 




m Z A CD * 



9. 

Q 




m Z QRS *■ 



m Z»JK ■ 




m ZBPG = 



11 . 




m ZCBE 
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You are familiar with the symbols " > " and ” < We would write 

5 <6 and read this as ” 5 is less than 6.” To say that ”10 is greater 
than 9” is to write 10> 9. Use one of the three symbols, », < > or >* 
to make the following statements true. Angles BCD and BAB are exterior 

angles. B 




12. m /.BCD mZBAC 

13. m Z-BCD mZ.B + mZ.BAC 

14. m/B m Z.BCD 

15. m Z.B m /.BAB 

16. m/B + mZ-ACB m /_ BAB 

17. m L BOA m Z BAB 

18. Do you think that in any triangle the exterior angle is greater 

than either of the remote interior angles? . 



Where is the best place on the football field from which to kick 
a field goal? You would probably agree that there are two primary 
considerations in kicking this field goal, the distance from the pl^ce 
of kicking the angle in which the football must travel to be a good 



kick. 




In Bounds 
Marker 



o 

ERIC 
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Activities 

1. Which one of these positions would be most favorable for kicking 
a field goal? Give a reason for your answer. 




10 Yard line 
15 Yard line 



2. This is problem number 1 again with a hint added. Now, do you think 
your answer to problem 1 is correct? _______ If not, what should 

be your answer to problem 1? 







10 Yard line 
15 Yard line 



3. If you were kicking a field goal from the 10 yard line, where on the 
field would be the most favorable kicking angle? 

Explain. 
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lines and Angles 

Two lines are parallel if they lie in the same plane and do not inter- 
sect or meet* Figure 21 is a picture of two parallel lines and figure 22 
is a picture of two non-parallel lines* 



< > 

<: > 



(Kg. 21) 




(Kg. 22) 



The arrows in the pictures indicate that the lines go on and on* A line 
which intersects two other lines that are in the same plane is ca ll ed a 
transversal* 




(fig. 23,) 



One transversal in figure 23 is EF* 

Angles such as 1 and 5 are corresponding angles* Three other pairs 
of corresponding angles are / 3 and Z Z 2 and Z 6, Z 4 and Z Angles 
such as 4 and 5 are alternate interior angles* Angle 3 and angle 6 are also 
alternate interior angles* 
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Activities 

In each of the problems 1-8 use your protractor to find the measures 
of angles 1-8. (J? and S are parallel. ) 




4 . m Z 4 = . 8. m Z 8 53 • 

9. Angle 2 and angle 6 are corresponding angles. What do you notice 

about the measures of these two angles? _ 

10. Name three other pairs of corresponding angles. _______________ 

_ __________ What seems to be true of the measures of each of 

these pairs of corresponding angles? 



11. Angle 3 and angle 6 are alternate interior angles. What do you 
notice about the measures of these two angles? 



12. Name another pair of alternate interior angles. 

What seems to be true of the measures of this pair of alternate 
interior angles? 
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5, 



6 , 



Without using *your protractor give the measures of angles 
7 f and 8. In the drawing, PQ and RS are parallel. 



It 



3, 



4 , 




m / 1 = 

m L 5 = 
m jL^ = 
m L 6 = 
m Z 3 = 
mZ7 ■ 
m L B * 
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ANGLES 

Illustration of Texms 

Angle; the plane figure formed by the union of two rays. 




Acute anglej an angle with a measure less than 90 but more than 0. 





Alternate interior angles # angles 1 and 2 are alternate interior 
angles? so are angles 3 and 4# 




Corresponding angles » the pairs of corresponding angles in this 

figure are Z 1 and Z 2* Z 3 and Z 4; Z 5 and Z Z 7 and Z 6* 




Exterior angle; an angle like Z ACL pictured here* 




T^terior of an angle# points outside the angle? such as A; B, and C. 
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Inscribed angle, an angle formed by two rays meeting on the circle, 
part of each ray being in the interior of the circle© 




The angle A is inscribed in the circle© 



points inside the angle like D, £, and F. 




Obtuse angle, an angle with a measure greater than 90 but less than 180© 




Remote interior angles , angle A and angle B are the two remote interior 
angles with respect to angle A CD of A ABC pictured here© 



Right 




£1 



T B ' 0 

Arc, an unbroken part of a circle or curved line© 





Are 
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Intercepted Arc* a part of a circle or curved line which is separated 
from the whole by a line which crosses it# 




Chord# a lire segment which cuts off an arc; the line segment from one end 
point of an arc to the other end point# 




arc 



chord 

Oollinear points# points that are on the same line# 




• • • • 



Degree# unit used in measuring angles# 



^ 40 degrees 




109 degrees 
> 



End points# the points on each end of a line segment or on a segment of 
a curve. 






end points 
/ St 




Field goal# a score made by kicking a football placed on the ground 
across the bar of the goal posts# 

success— 3 points failure— 0 points 

/ //3 P 0int8 0 points 
points \r i )f points 

V / s 



\i/ 




3 points 
^0 points 



Heptagon# a seven sided closed plane figure# 
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Ho-rgpr>n T a six sided closed plane figure. 






n-gon« a closed plane figure having n number of sides where n is any one of the 
elements of b 9 4, 5, 6, 

O 

Noncollinear. not lying on the same straight line. 

Examples Three or more points of a circle are noncollinear. 



Octagon, an eight sided closed plane figure. 




Pentagon, a five sided closed plane figure. 




Polygon, a plane closed figure have n vertices and n sides where n is any one 
of the elements of f 3, 4, 5,6, ...) 



A 

3-3 




<5-eT^ 






12-12 



Concave Polygo n, if you extend all sides of the polygon, at least two will 
intersect another side of the polygon. 
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Regular Polygon, a polygon is regular if all the sides have the same length 
and all the angles have the sane neasure • 




Parallel lines, lines that are an equal distance apart and never meet. 




Protractor, an instrument for measuring angles in degrees. 





Ray, a straight line which begins at a point and continues unlimited in 
one direction. 
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Segment, r. portion or a part* 



line segment 



Transversal* a line that intersects other lines. 




A A 



Triangular region* the union of the triangle and its interior* 

Union, the union of sets A and B is a third set, 0; such that the elements 
in set C are contained in at least one of sets A, B* 

[ 1, 2} U {3,4} = {1,2, 3, 4} 

{D } U {0,A} = {□ ,0»A} 

{a,e,i,o} U {i,o,u} = {a,e,i,o,u} 

Unit, comes from the word unity which means "one," so anything given the 
measure of 1 is called a unit. 

Some linear units are: inch, centimeter, foot and yard. 

Some area units are: square inch, square centimeter, square yard. 

Some volume units are: cubic centimeter, cubic inch, pint, liter 

and quarto 

Some angular units are: degree and radian. 

Vertex, is (l) the place where two sides of flat figure meet; 

^ ( 2 ) the place where three or more sides of a solid figure meet. 

^vertex 




(2) 



vertex 

I 



These figures have five vertices e 



FROM: 




ERIC FACILITY 

SUITE 601 

1735 EYE STREET, N. W. 
WASHINGTON. D. C. 2000* 



